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(54) CARBON MATERIAL FOR NEGATIVE ELECTRODE OF LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon material for negative electrode of lithium 
secondary battery, which has a large discharge capacity, a high charge/discharge electric quantity 
efficiency from the stage in the cycle initial period, and excellent cycle characteristics and load 
characteristics. 

SOLUTION: A power of crude coke manufactured from a coke raw material is subjected to a heat 
treatment in the oxidative gas atmosphere to be oxidated and turned into graphite so that an 
intended carbon material in the form of graphite is accomplished, wherein the conditions d002< 
3.337 nm, Lc>30 nm, CTE>3.0 x 1 0-6° C-1, and R>0.3 should be met, where d002 is the inter- 
surface distance of the carbon mesh layer according to the X-ray wide angle diffraction method, 
Lc is the size in the C-axis direction of a crystallite, CTE is the coefficient of thermal expansion, 
and R is the intensity ratio of the peak near 1360 cm-1 to the peak near 1580 cm-1 according to 
the Raman spectrograph using argon laser. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the graphitized-carbon powder which it comes to graphitize after heating the powder 
of the raw coke manufactured from at least one corks raw material in a petroleum system or coal 
system heavy oil under oxidizing gas atmosphere and oxidizing. The spacing of carbon ****** in 
the X-ray wide angle diffraction method in this end of a carbon powder (d002), the size (Lc) of C 
shaft orientations of a microcrystal, and a coefficient of thermal expansion (CTE) — and The 
intensity ratio (R=I1360 / 11580) to about [ 1580cm - ] one peak of about [ 1360cm - ] one peak in 
the Raman spectroscopy using the argon laser, respectively d002 <=0.337nm f Lc>=30nm, 
CTE>=3.0x10-6 degree C -1, the carbon material for lithium secondary battery negative electrodes 
characterized by being R>=0.3. 

[Claim 2] The carbon material for lithium secondary battery negative electrodes according to claim 
1 with which a raw coke is characterized by the bird clapper including 20% or less of volatile matter 
1% or more by the weight ratio. 

[Claim 3] The carbon material for lithium secondary battery negative electrodes according to claim 
1 or 2 which the concentration of a oxidizing gas heat-treats the powder of a raw coke by the 
bottom of 5% or more of oxidizing atmosphere, and 100-degree-C or more temperature 
requirement 1 000 degrees C or less, and is characterized by the bird clapper. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the carbon material for 
lithium secondary battery negative electrodes which has high service capacity, high initial 
efficiency, and the outstanding cycle property. 
[0002] 

[Description of the Prior Art] The lithium secondary battery which has high-energy density as a 
power supply for portable electronic communication equipment in recent years began to be carried, 
and the commercial scene of a lithium secondary battery is quickly expanded with the breadth of 
the commercial scene of these electronic communication equipment. The negative-electrode 
material used for the rechargeable battery now is a carbon material, and serves as a key material 
which influences a cell performance. However, although it is a carbon material, what has various 
structures, an organization, and a gestalt exists, and, thereby, electrode performances including the 
operating potential at the time of charge and discharge differ greatly. Now, graphite crystallinity 
material and low crystallinity material are quotaed from the operating environment/conditions of 
the electronic equipment by the side of loading. 

[0003] It is easy to form an intercalation compound with a lithium stably, a lot of lithiums are 
inserted in between the layers of carbon ******, and graphite crystallinity material has report (for 
example, electrochemistry and industrial physical chemistry, 61 (2), 1383 (1993)) that service 
capacity becomes large, so that graphite structure progresses. The amount of insertion of a lithium 
generates various stage structures, and in the field in which they live together, when it constructs 
and is made a cell, it becomes possible to obtain high power from the things (for example, J. 
Electrochem. Soc, 140, 9, 2490 (1993), etc.) for which it has flatness and the voltage near a lithium 
metal. Finally, it is the ideal graphite lamellar compound LiC6 of a graphite and a lithium. It is 
formed and, generally let service capacity in this case (372 mAh/g) be the geometric capacity 
(threshold value) of carbon negative-electrode material. However, crystallinity followed on 
becoming high by one side, the side reaction which does not participate in cell reactions, such as 
decomposition of the electrolytic solution, on a carbon-material front face at the time of first-time 
charge occurred, and there was a problem of it becoming impossible to take out as quantity of 
electricity in a subsequent charge-electric discharge process (for example, J. Electrochem. Soc, 
117,222, etc. (1970)). • 

[0004] The quantity of electricity efficiency of the dope / ** dope from a first-time cycle of low 
crystallinity material is comparatively high to it. With there being few rates of the edge section of 
carbon **** exposed to a carbon-material front face which serves as an origin of the 
decomposition reaction of the electrolytic solution, since the graphite sheet is not developed, 
since the activity is not high as for this, it is considered to b becaus for a d composition 
reaction to seldom advance. However, since, as for the reaction of this material and a lithium, 
reactions other than a graphite-lamellar-compound formation reaction mainly advanced, the 
voltage changed a lot with the dope / ** dope reaction of a lithium, and wh n it construct d and 
was made a cell, it had the problem that high power could not be obtained. 

[0005] In order to solve these problems, the attempt which proposes th material of the multilayer 
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structure which covered th front face of graphite crystallinity material with low crystallinity 
material is made (for example, JP,4-368778,A, JP,5-94838,A, JP.5-217604A JP.5-307976A 
JP.6-267531 A JP.7-302595A etc.). These cover an organic compound to th graphite 
crystallinity material used as what pyrolyzes contacting the liquid phas in that which carbonizes 
after making an organic compound pyrolyze by the gaseous phas to the graphite crystallinity 
material used as (1) nucleus, if it divides roughly, and the carbonaceous object used as (2) nuclei, 
and forms a surface carbonaceous object, and (3) nuclei, pyrolyze it by solid phase, and make a 
carbonaceous object form. However, after each of these coats with low crystallinity material the 
thing in which the graphite crystallinity material or the carbonaceous object used as a nucleus was 
made to form beforehand in the bottom of a gaseous phase, the liquid phase, and solid phase, they 
is carbonized, are, and a process is complicated and a manufacturing cost becomes high — in 
addition, it is difficult to obtain as powder with the fixed configuration of the suitable range for 
what was coated and prepared to be mutual-alike to a carbonaceous object, paste it, and to be 
used as an electrode — and The technical problem that surface homogeneity and control of 
thickness can be difficult hatchet stabilized, and a high electrode performance cannot be 
demonstrated occurs. 

[0006] Calcining pitch coke which heat-treats the raw coke containing volatile matter at the 
bottom of a reducing atmosphere, and temperature higher than 1000 degrees C, and is obtained, 
Since it belongs to the category of the graphitizability material from which removal of volatile 
matter and the polycondensation reaction of condensation polycyclic aromatic series are 
advanced, aromatic structure is developed, and a graphite crystal tends to develop in subsequent 
graphitization processing, the distance between layers of carbon ****** near a natural graphite is 
approached by graphitization processing in the temperature field 2800 degrees C or more of a 
super-elevated temperature. Although this graphitization pitch coke is under small current density, 
it realizes mostly service capacity (372 mAh/g) expected theoretically, moreover is stabilized, is 
reported to be able to carry out a charge-and-discharge cycle (J. 137 Electrochem.Soc, 2009 
(1990)), and is a very attractive material. 

[0007] As a result of studying the electrode characteristic wholeheartedly about the glow pitch 
coke powder in extensive, this invention persons found out that the coefficient of thermal 
expansion which reflects the organization of corks strongly was very important for the electrode 
characteristic, especially a load characteristic, and applied previously (JP,7-282799,A). Moreover, 
as a result of inquiring from a viewpoint of the crystal structure, service capacity found out the 
bird clapper greatly, so that the degree of graphitization became high (electrochemistry and 
industrial physical chemistry, 61 (2), 1383 (1993)). Furthermore, as a result of the edge section of 
carbon **** exposed to a front face in the end of a carbon powder it is thought that it participates 
in side reaction, such as an electrolytic decomposition reaction, paying its attention comparatively 
(orientation state of the microcrystal in a surface layer) and inquiring, initial efficiency found out 
the bird clapper highly, so that there were few rates of the edge section of carbon ♦***. However, 
as compared with other graphitized-carbon material, as for the initial efficiency of the super- 
elevated-temperature heat treatment (2800 degrees C - 3000 degree-C baking) article of the 
usual calcined coke, the improvement of the further performance was called for low (50 - 80%). 
Therefore, for the further improvement in an electrode performance of pitch coke, it is important 
to develop the carbon material which has the disordered structure in the surface-layer portion of a 
carbon powder which has the optimal coefficient of thermal expansion (organization) and a high 
degree of graphitization, and is not obtained in the usual super-elevated-temperature heat 
treatment of a calcined coke. 
[0008] 

[Problem(s) to be Solved by the Invention] this invention aims to let the charge-and-discharge 
efficiency from the stage in early stages of a cycle offer the carbon-powder end as a high 
negative-electrode material for lithium secondary batteries, holding high service capacity and the 
outstanding cycl property in view of the above-mentioned problem. 
[0009] 

[M ans for Solving the Problem] This invention persons found out that th y w r the organization 
of a carbon material, and the factor to which the crystal structure governs th electrode 
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characteristic greatly, as a result of examining calcining pitch coke as a carbon material for lithium 
secondary battery negative electrodes which has high service capacity and high initial efficiency, 
however, it is constant-rate **** about volatile matter since what graphitized the calcined coke 
was not enough as initial efficiency, as a result of inquiring further wholeh artedly — it found out 
that initial efficiency was sharply improved in the graphitized-carbon powd r which carried out 
super-elevated-temperature heat treatment, and prepared raw-coke powder after heating and 
oxidizing under oxidizing gas atmosphere This considered what has been attained because has few 
rates of the edge section of carbon **** which has the structure in which the portion of the 
surface layer in the end of a carbon powder was confused rather than the usual heat treatment 
article, therefore participates in the decomposition reaction of the electrolyte in early stages of 
charge and discharge and activity is not high as a result of Raman spectrum spectrometry, this 
invention is completed based on this knowledge, in addition, the base of the carbon material which 
cannot have the melting point, but can be mostly carbonized and graphitized by solid phase which 
is manufactured by carrying out the pyrolysis polycondensation reaction of the corks raw material 
obtained from at least one of a petroleum system or coal system heavy oil with a raw coke here, 
and consists of condensation polycyclic aromatic series to which a part of aliphatic side chain 
which is rich in reactivity was left behind — it is a raw material 

[0010] Namely, the carbon material for lithium secondary battery negative electrodes of this 
invention It is the graphitized-carbon powder which it comes to graphitize after heat-treating the 
powder of the raw coke manufactured from at least one corks raw material in a petroleum system 
or coal system heavy oil under oxidizing gas atmosphere and oxidizing. The spacing of carbon 
****** in the X-ray wide angle diffraction method in this end of a carbon powder (d002), the size 
(Lc) of C shaft orientations of a microcrystal, and a coefficient of thermal expansion (CTE) — and 
The intensity ratio (R=I1360 / 11580) to about [ 1580cm - ] one peak of about [ 1360cm - ] one 
peak in the Raman spectroscopy using the argon laser, respectively d002 <=3.337nm f It is 
characterized by being Lc>=30nm, CTE>=3.0x10-6 degree C -1, and R>=0.3. 
[001 1] Furthermore, as for the raw coke used here, what contained 20% or less of volatile matter 
1% or more by the weight ratio is desirable. 

[0012] Moreover, it is characterized by the concentration of a oxidizing gas heat-treating the 
powder of a raw coke under 5% or more of oxidizing atmosphere by 100-degree-C or more 
temperature requirement 1000 degrees C or less in manufacturing this graphitized-carbon powder. 
[0013] The expression method of various physical-properties values used for the convention of 
the carbon material for lithium secondary battery negative electrodes of this invention and a 
measuring method are shown below. 

[0014] (1) X-ray diffraction method — The high purity silicon is used for X line source and the 
standard substance for d002 and LcCuKalpha, a diffraction peak is measured to a carbon material 
(002), and d002 and Lc are computed from the peak position and its half-value width, respectively. 
According to the **** method, the concrete method is indicated for the calculation method by 
"carbon fiber" (modern edit company, March, Showa 61 issue) 733-742 page etc. 
[0015] (2) Coefficient of thermal expansion (CTE) 

2-1) grind and adjust binder-pitch powder to sample adjustment profit **** graphitized-carbon 
powder so that a pin mill etc. may be used and average grain size may be set to 10-30 
micrometers in 30 - 50% of the weight of the thing which came out of comparatively and which was 
mixed and kneaded 

[0016] By kneading using a kneader by time predetermined at 200-300 degrees C, and the open 
system for mixture, the volatile component in a binder pitch is removed and the crack by bulging at 
the time of baking of the molding object used for measurement is prevented. 
[0017] 2-2) Carry out press molding of the sample adjusted by molding, baking, and the 
graphitization processing 2-1 using metal mold, and carry out preliminary molding of th block. 
Furthermore, the block which performed the last molding and cast this block by the CIP (directions 
hydrostatic-pressure press, such as between the colds) method is h Id at a temperature up and 
2600 degrees C to 2600 degrees C by th comparatively loose programming rate under an inert 
atmosphere for 1 hour, the binder-pitch component under block is graphitized, and test sample is 
prepared. 
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[0018] 2-3) Cut down a 10mmx10mmx50mm molding object from the block in which coefficient of 
thermal expansion carried out measurement graphitization processing. The length of this molding 
object is measured at a room temperature (LRT) and 500 degrees C (L500), and it is lower formula 
CTE=(L500-LRT)/LRTx (500-room temperature). 

It is alike and coefficient of thermal expansion (CTE) is computed more. 

[0019] (3) Raman using the argon laser which has the wavelength of 514.5nm for about [ 1580cm - 
] one Raman spectrum corresponding to E2g type vibration which is equivalent to the lattice 
vibration in **** among nine sorts of lattice vibration which Raman-spectroscopy — R=I1360 / 
11580 graphite structure has, and about [ 1360cm - ] one Raman spectrum which mainly reflected 
disorder of the crystal structures, such as a crystal defect in the surface section, and random 
interstratification, — a spectrum — measure by the analyzer (Japan a spectrum shrine NR1 100) 
The intensity-ratio R=I1360 / 11580 is computed from the peak intensity of each Raman spectrum. 
However, the sample used for this measurement should prepare the average grain size so that it 
might be set to 10-30 micrometers. 

[0020] (4) Compute from the weight change before and behind the insertion at the time of 
inserting for 5 minutes what put 1g of volatile-matter raw cokes into the magnetic crucible, and 
covered in the furnace held at 950 degrees C. 
[0021] 

[Embodiments of the Invention] The concrete content of this invention is described below. 
[0022] this invention by carrying out graphitization processing, after heat-treating the raw coke 
from which the graphitization containing the volatile matter before calcining tends to develop under 
oxidizing gas atmosphere and oxidizing It makes it possible to show high initial charge-and- 
discharge efficiency, holding high service capacity and the outstanding cycle property, since it 
becomes the structure of graphitized-carbon powder in which the surface portion was confused at 
least as compared with what carried out graphitization processing of the calcined coke which does 
not contain volatile matter. 

[0023] Namely, this invention aims at improving the initial charge-and-discharge efficiency of the 
glow corks in promising as a carbon negative-electrode material for lithium secondary batteries. In 
order to make it the structure in which the surface portion in the end of a carbon powder was 
confused further, a degree of graphitization being high and holding a precise organization for an 
optical-anisotropy phase moderately, after heat-treating under oxidizing gas atmosphere using the 
raw-coke powder containing volatile matter, it comes to complete by carrying out super-elevated- 
temperature heat treatment. Therefore, when this invention oxidizes an aliphatic side chain, an 
aromatic hydrocarbon, etc. which are rich in reactivity under an oxidizing atmosphere, the thing of 
the carbon-powder end after graphitization made to form the low portion of crystallization is 
essentially important for a surface portion at least. 

[0024] alpha resin (quinoline-insoluble: — about 50 or more rings have a main ring) which 
constitutes a raw coke from process of oxidation treatment — although gamma resin which was 
mostly rich in hidden reactivity in the aliphatic side chain among a beta resin (toluene-insoluble: — 
even about 50 rings of a ring are main) and gamma resin (toluene-soluble: — about ten or less 
rings have a main ring) oxidizes preferentially and a part vaporizes as low-molecular aromatic 
series etc. Most causes a polycondensation in the state of the liquid phase and solid phase, and is 
considered that the carbon precursor to which the aromatic array of structures was mainly 
confused according to oxidization by the side-chain part and bridge formation generated. 
Moreover, since the disordered array in the part to which, as for this carbon precursor, subsequent 
graphitization also oxidized did not change a lot, became a structure defect and random 
interstratification and development of graphite structure was checked, the graphitization powder 
guesses that high initial efficiency will be shown by leaps and bounds, this invention succeeds in 
developing the graphitized-carbon powder in which the initial high ffici ncy of charge and 
discharge is shown, holding the cycle property xc llent in high service capacity, as a result of 
introducing crosslinking reaction positively by making it heat-tr at and oxidize und r oxidizing gas 
atmosphere, before graphitizing using the raw coke which left such a reactant high component. 
[0025] It became clear that it is required to fill d002 <=0.337nm and Lc>=30nm as a paramet r by 
the X-ray diffraction m thod which specifi s carbonaceous material about the degree of 
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graphitization which is the index of the d velopment degree of graphite structure. d002 > For the 
low reason, in the case of 0.337nm and Lc<30nm, the grade of development of graphite structure 
had the small amount of dopes of a lithium, and was not able to obtain high service capacity to it. 
[0026] Let a coefficient of thermal expansion (CTE) be a parameter about the development degree 
of an optical-anisotropy phase. Generally, it is known that a coefficient of thermal expansion (CTE) 
will reflect well the grade of detailed-izing of the organization in the end of a carbon powder. That 
is, when an organization is large (an optical anisotropic texture progresses), CTE is small, and CTE 
becomes large, so that an organization becomes detailed. As a result of examining this organization 
and a negative-electrode property, that it is required to fill CTE>=3.0x10-6 degree C -1 made the 
coefficient of thermal expansion (CTE) clear. Since detailed-izing of an organization was 
inadequate in CTE<3.0x10-6 degree C -1, a load characteristic was not good. 
[0027] Let the intensity ratio (R=I1360 / 11580) to 1580cm-of 1 360cm- 1 band in Raman 
spectroscopy using argon laser 1 band be a parameter about the grade of crystallization of the 
surface layer in the end of a carbon powder. Reflecting the degree of the regularity of the 
laminating array of the graphite layer in the surface portion of material, this R value means that 
crystal structure of the surface portion of the material is confused, when an R value is large. As a 
result of examining this R value from a viewpoint of initial efficiency, it became clear that it is 
required to fill R>=0.3. In the case of R< 0.3, initial efficiency was only about 60%, and sufficient 
performance was not obtained. Crystallization of a surface layer progressed too much and this was 
considered for the decomposition reaction of the electrolyte in a front face to become easy to 
advance in the end of a carbon powder. 

[0028] The raw coke used for this invention is a carbonaceous material which is easy to form the 
graphite structure (laminating array regularity of a graphite layer) optimal as a carbon negative- 
electrode material for lithium secondary batteries, and it is desirable that it is what contains 
volatile matter 20% or less 1% or more by the weight ratio. It is 15% or less 5% or more still more 
preferably. When there was less volatile matter than 1%, how to confuse the crystal layer in the 
materiaHist side formed of subsequent oxidation treatment was inadequate, and the initial 
efficiency of the carbon-powder end after graphitization was not high. Moreover, when volatile 
matter exceeds 20%, for a low reason, the manufacture yield of the graphitized-carbon powder 
finally obtained is not desirable from the reason for economical, that from which graphite 
crystallinity tends to develop by baking about the heavy oil which is the raw material of a raw coke, 
and the plain-gauze cone (graphitizability) of the so-called graphitization — although things ar 
essentially important and do not restrict especially the raw material, the thing which consists of at 
least one of a petroleum system or coal system heavy oil, or the thing which performed and 
reformed catalytic hydrotreating etc. to these heavy oil again may be used 
[0029] Moreover, as for the configuration of the raw-coke powder used by this invention, it is 
desirable to set average grain size to 50 micrometers or less. It was difficult it to have become 
difficult to cast in uniform thickness, when creating the electrode of the thickness around 100 
micrometers carried in a practical use cell, if there are it becoming difficult to insert a lithium's to 
the interior of material, a carbonaceous powder utilization factor s falling and service capacity's 
becoming small, if average grain size's exceeds 50 micrometers, and a thing of a coarse grain size, 
and to have made the electrode performance of carbonaceous powder fully discover. 
[0030] Although the above trituration methods of a raw coke do not restrict this at all if they are 
the methods and equipment which fulfill that it is the range of an above-mentioned average grain 
size, a friction trituration type ball mill, a shock compression trituration type oscillating disc mill, a 
vibration ball mill, a jet mill, a shearing trituration type cutting mill, a pin mill, etc. can be used for 
them, for example. 

[0031] It is desirable for the concentration of a oxidizing gas to process under 5% or more of 
oxidizing atmosphere from the purpose which fully oxidizes only a powdered surfac portion about 
the conditions which oxidize raw-cok powder at 100-degree-C or more temperatur of 1000 
degrees C or less. 1 00 degrees C or more 700 degr es C or I ss are 1 50 degrees C or more 500 
degr es C or less still more preferably more preferably. From the bottom of a low condition, or 100 
degrees C, when oxidizing gas concentration processed at low temperature from 5%, oxidation 
reaction of a raw coke did not fully advance, and since the portion to which th crystal was 
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confused on the front face of the powder after graphitization was not fully formed, th initial 
efficiency of the powder aft r graphitization did not b come high, moreover — the case where 
processing temperature exce ds 1000 degr es C — th reaction in a raw cok , rather than 
oxidation reaction by th activity part, the combustion reaction of the raw coke itself advanced 
rather, and nothing almost r mained after the reaction About an oxidizing atmospher , on a front 
face, raw-coke powder can process suitably in mixed-gas atmospher , such as thos mixed 
atmosphere, the strong nitrogen dioxide of the oxidizing power in a material-list side and air, or a 
sulfur dioxide, air, and under reduced pressure, an ordinary pressure, or pressurization, for example, 
homogeneity and although it does not restrict especially if it fully oxidizes. [ air independence, an 
oxygen independent, and ] Moreover, although it does not limit especially if raw-coke powder fully 
oxidizes since it changes with the rates or particle size of volatile matter which are contained in 
raw-coke powder about the time of heat treatment, it is 5 or less hours still more preferably 
P r fferably for 0.1 hours or more for 10 or less hours 0.05 hours or more. Moreover, about the 
oxidizing zone of the front face of the raw-coke powder formed of oxidization, since oxidation 
reaction [ itself ] oxygen spreads and advances with time toward a core from a material-list side, 
the portion which received oxidization only for the existing specific field in a material-list side 
strongly does not exist. Furthermore, although this is not restricted especially if the surface 
portion of raw-coke powder has fully oxidized about the oxidization grade, the atomic ratio to the 
carbon of the oxygen contained in the raw-coke powder of a raw material from the first if it 
illustrates is received. It is desirable for the atomic ratio to the carbon of the oxygen contained in 
the material after receiving oxidation treatment to oxidize so that it may become 30 or less times 
1.1 or more times still more preferably 50 or less times 1.01 or more times. In less than 1.01 times, 
the oxidization grade was inadequate, and in order that crystallization of the material-list side 
portion after graphitization might progress too much, initial efficiency did not become high. On the 
other hand, when oxidation treatment was carried out to 50 or more times, oxidization and 
crosslinking reaction advanced too much over the whole raw-coke powder, although high initial 
efficiency was shown, since the whole graphite structure was not fully able to progress the 
carbon-powder end after graphitization processing, a lithium could not fully dope and service 
capacity did not become high. 

[0032] It is related with molding of the graphitized-carbon powder which this invention offers. It is 
possible to cast by the method usually used to the powdered cell active material used for a lithium 
cell. Although the performance of graphitized-carbon powder is fully pulled out, and it is not 
restricted to this at all if ****** to powder is high and electrochemically [ chemically and ] stable, 
if it illustrates There is the method of making fluorine system resin powder, such as a 
polytetrafluoroethylene, graphitized-carbon powder at a binder, and blending dryly and kneading 
after adding isopropyl alcohol etc. Moreover, after adding resin powder, such as polyethylene and 
polyvinyl alcohol, to graphitized-carbon powder, a dry-blending object is inserted in metal mold, 
and there is also the method of casting with a hotpress. Furthermore, water-soluble binders, such 
as fluorine system resin powder, such as a polyvinylidene fluoride, or a carboxymethyl cellulose, 
are made graphitized-carbon powder at a binder, and a slurry can be created by mixing using 
solvents, such as N-methyl pyrrolidone, a dimethylformamide or water, and alcohol, and it can cast 
by applying and drying on a charge collector. 

[0033] Although the carbon material of this invention can be suitably combined with a positive 
active material and an organic-solvent system electrolyte and can be used, these organic-solvent 
system electrolytes or positive active materials will not restrict especially this, if it can usually use 
for a lithium secondary battery. 

[0034] As a positive active material, it is lithium content transition-metals oxide LiM(1)1-xM(2) x 
02 (the inside X of a formula is the numeric value of the range of 0<=X<=1), for example. M in a 
formula (1) and M (2) express transition metals. Co, nickel, Mn, Cr, Or it consists of at least on 
kind of Ti, V, Fe, Zn, aluminum, In, and Sn, it is LiM(1)2-y M(2) y 04 (the insid Y of a formula is 
the numeric value of the range of 0<=Y<=1). M in a formula (1) and M (2) express transition metals. 
Co, nickel, Mn, Cr, Consist of at least one kind of Ti, V, Fe, Zn, aluminum, In, and Sn. a transition- 
metals chalcogen ghost and a banazin-san ghost (V — 205, V6 013, and V2 04 — ) V3 08 f etc. 
and its Li compound, general formula Mx Mo6 S8-y (the inside X of a formula is 0<=X<=4, and Y is 
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the numeric value of the range of 0<=Y<=1) the inside M of a formula — m tals including transition 
metals — expressing — the Chevrel phase compound express d or activated carbon, an activated 
carbon fiber, etc. can be used 

[0035] As an organic solvent in an organic-solvent system electrolyt Although not restricted 
especially, for example Propylene carbonate, Ethylene carbonate, dimethyl carbonat , diethyl 
carbonate, 1 and 1- and 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, Gamma-butyrolactone, a 
tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxolane, the 4-methyl -1, 3-dioxolane, an 
anisole, Diethylether, a sulfolane, a methyl sulfolane, an acetonitrile, Chloro nitril, a propionitrile, 
trimethyl borate, silicic-acid tetramethyl, A nitromethane, a dimethylformamide, N-methyl 
pyrrolidone, ethyl acetate, trimethyl ORUTO formate, a nitrobenzene, a benzoyl chloride, and 
bromination — a benzoyl — Independent or two or more kinds of mixed solvents, such as 
tetrahydrothiophene, dimethyl sulfoxide, 3-methyl-2-oxazolidone, ethylene glycol, an ape fight, and 
a dimethyl ape fight, can be used. 

[0036] As an electrolyte, each what are better known than before can be used. For example, 

LiCI04, LiBF4, LiPF6, and LiAsF6, LiB (C6 H5), LiCI, LiBr, and LiCF3 S03, LiCH3 S03, Li(CF3 

S02)2 N, Li(CF3 S02)3 C, Li(CF3 CH2 OS02)2 N, Li(CF3 CF2 CH2 OS02)2 N, UHCF2 CF2 CH2 

OS02)2 N, Li(CF3) (2 CHOS02)2 N, and LiB[C6 H3 2 (CF3)] 4 etc. — a kind or two sorts or more 

of mixture can be mentioned 

[0037] 

[Example] 

The raw-coke lump containing the volatile matter of each rate of Table 1 which prepared the corks 
raw material obtained from example 1 coal system heavy oil by the delayed coking process was 
ground for 1 minute using the oscillating disc mill. After heat-treating the raw-coke powder after 
trituration (average grain size of 1 5 micrometers) at 300 degrees C among the bottom air of an 
ordinary pressure for 2 hours and oxidizing, the temperature up was carried out at the speed of 10 
degrees C/m, and graphitization processing was performed at 3000 degrees C for 1 hour. Each 
index of the degree of crystallization in the crystal structure of the obtained graphitization powder, 
an organization, and a surface portion is as in Table 1. It is same in the graphite crystallinity by the 
quantitative difference in volatile matter, and an organization, and only the peak intensity ratios of 
a Raman spectrum differed. 



[0038] 
Table 1] 


t>r*No. 




d(nm) 


Lc(nm) 


CTE<E-6flC) 


R{-) 


j 1 


5 


0.3367 


48 


3.3 


0.32 


2 


7 


0.3366 


46 


3.3 


0.35 


3 


10 


0.3367 


52 


3.4 


0.39 


4 


12 


0.3367 


53 


3-3 


0.41 


5 


15 


0.336S 


58 


3.4 


0.45 



[0039] Thus, polytetrafluoroethylene powder was added to the prepared graphitized-carbon powder 
5% of the weight as a binder, it kneaded using isopropyl alcohol, and the electrode sheet of about 
0.1mm ** was created, it started to about 10.53mg (it converts into a carbon material and is 
1 0mg), and the negative-electrode electrode was created by being stuck to nickel mesh which is a 
charge collector by pressure. 

[0040] The common-name trilateral formula cell which used the counter electrode in order to 
evaluate the electrode characteristic in the single electrode of the above-mentioned molding 
electrode, and used the lithium metal for the reference pole was used. In the electrolytic solution, 
it is LiPF6 to the mixed solvent (they are 1:1 mixtures at a volume ratio) of thyl ne carbonate 
and diethyl carbonate. What was dissolved at a rate of 1 mol/l was used. Moreover, on the 
occasion of the charge and discharge test, charge and electric discharge were perform d by the 
constant current (0.5 mA/cm2) under potential regulation. The potential range was set to 0V to 
1 .0V (lithium metal criteria). The result of the electrode charact ristic is shown in Tabl 2. 
[0041] 
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[Table 2] 






£_***«(%) 


1QS 


i o oae 




3Bi 


1 


310 


295 


85 


100 


2 


312 


294 


07 


100 


3 


307 


290 


90 


100 


4 


300 


290 


89 


100 


5 


315 


299 


91 


100 



[0042] In the lithium dope in early stages of carbon material, since a part for the about [ 0.8V ] 
potential flat part considered that side reaction, such as an electrolytic decomposition reaction, is 
advancing (plateau) was hardly observed, initial charge-and-discharge efficiency became very high, 
and it changed stably at 100% mostly after 3 cycle eye. Moreover, service capacity was also high, 
that of the capacity fall accompanying a charge-and-discharge cycle was small, and had the 
electrode performance which was very excellent. 

[0043] The raw-coke lump which contains the volatile matter which prepared the corks raw 
material obtained from example 2 coal system heavy oil by the delayed coking process 8% was 
ground for 1 minute using the oscillating disc mill. After heat-treating and oxidizing on each 
conditions which showed the raw-coke powder after trituration (average grain size of 1 8 
micrometers) under the ordinary pressure in Table 3, the temperature up was carried out at the 
speed of 10 degrees C/m, and graphitization processing was performed at 3000 degrees C for 1 
hour. Each index of the degree of crystallization in the crystal structure of the obtained 
graphitization powder, an organization, and a surface portion is as in Table 3. In addition, with the 
sample 13, it is that with which samples 15-18 mixed nitrogen for what mixed the sulfur oxide for 
what mixed the nitrogen dioxide 2% to air as an oxidization gas atmosphere 2% to air with the 
sample 14 to air or air using pure oxygen except it, and oxidation treatment was performed. The 
peak intensity ratio of a Raman spectrum changed with oxidation-treatment conditions. 
[0044] 
[Table 3] 



*>7'*No. 








<Knm) 


lx{nm) 


CTE(E-erC) 




6 


5 


250 


2 


0.3365 


45 


3.4 


0.34 


7 


5 


300 


2 


0.3364 


42 


3.4 


0.30 


e 


10 


250 


2 


0.3365 


44 


3.3 


0.37 


9 


10 


300 


2 


0.3365 


46 


3.3 


0.3B 


10 


15 


250 


2 


0.3364 


44 


3.4 


0.36 


11 


15 


300 


2 


0.3365 


46 


3.3 


0.38 


12 


20 


300 


2 


0.3365 


44 


3.3 


0.39 


13 


20 


300 


2 


0.3367 


35 


3.4 


0.48 


14 


20 


300 


2 


0.3365 


42 


3.4 


0.41 


15 


100 


300 


0.5 


0.3367 


38 


3.4 


0.49 


16 


100 


300 


; 1 


0.3368 


32 


3.3 


0.51 


17 


100 


300 


1 


0.3368 


33 


4.5 


0.52 


18 


100 


300 


1 


0.3370 


30 


5.2 


0.50 



[0045] Thus, to the prepared pitch coke powder, the electrode sheet was created by the same 
technique as an example 1, and the negative-electrode electrode was created to it. 
[0046] The evaluation method of the electrode characteristic in the single electrode of the above- 
mentioned molding electrode is LiCI04 in the electrolytic solution to the mixed solvent (they are 
1:1 mixtures at a volume ratio) of ethylene carbonate and dimethyl carbonate. According to th 
example 1 , it carried out except having used what was dissolved at a rate of 1 mol/l. The result of 
the electrode characteristic is shown in Table 4. 
[0047] 
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[Table 4] 





&*&S(mAh/g) 






1 BOS 


1 ootos 


j 1 CBS 




6 


311 


288 


85 


100 


7 


310 


290 


86 


100 


! 8 


308 


288 


86 


100 


9 


307 


28G 


88 


100 


10 


304 


290 


88 


100 


11 


309 


293 


90 


100 


12 


312 


299 


89 


100 


13 


310 


294 


89 


100 


14 


309 


290 


88 


100 


15 


307 


289 j 


87 


100 


16 


310 


290 


90 


100 


17 


305 


290 


91 


100 


16 


303 


291 


92 


100 



[0048] In the lithium dope in early stages of carbon material, since a part for the about [ 0.8V ] 
potential flat part considered that side reaction, such as an electrolytic decomposition reaction, as 
well as an example 1 is advancing (plateau) was hardly observed, initial charge-and-discharge 
efficiency was very high, and changed stably at 100% mostly after 3 cycle eye. Moreover, service 
capacity was also high, that of the capacity fall accompanying a charge-and-discharge cycle was 
small, and was the outstanding electrode performance. 

[0049] The coin type cell (it considers as Cells A, B, C, and D respectively.) was created using the 
carbonaceous material of the samples 1 and 3 of example 3 example 1, and the samples 12 and 16 
of an example 2 (size [ of a cell ]; 2.3mm in outer-diameter 20mmphi, thickness), and the cell 
property was investigated. 

[0050] The negative electrode added polyvinylidene-fluoride powder 5% of the weight as a binder in 
the end of each carbon powder, it mixed using N-methyl pyrrolidone and it created the slurry, it 
created the electrode sheet by applying and drying so that it might become thickness uniform on 
copper foil, and it created the negative-electrode electrode by starting circularly [ the diameter phi 
of about 16mm ] from this sheet. 

[0051] On the other hand, a positive electrode is LiCo02 prepared from a lithium carbonate and 
cobalt carbonate. It used and KETCHIEN black was added for polyvinylidene-fluoride powder to 
this powder 5% of the weight 5% of the weight, it mixed using N-methyl pyrrolidone, the slurry was 
prepared, and the electrode sheet was created by applying and drying uniformly on aluminum foil. 
The positive-electrode electrode was created by starting circularly [ the diameter phi of about 
1 6mm ] from this sheet. 

[0052] The above positive-electrode electrode and a negative-electrode electrode are used, and it 
is the electrolytic solution. It is LiBF4 to the mixed solvent (volume-ratio 1:1 mixture) of ethylene 
carbonate and dimethyl carbonate. Using what was dissolved by the concentration of 1 mol/l, the 
nonwoven fabric of polypropylene was used for the separator, the short form coin configuration 
cell was created, and the constant-current (0.5 mA/cm2) charge and discharge test was 
performed under the potential range which set 3.0V and charge upper limit voltage to 4.2V for the 
electric discharge minimum voltage of terminal voltage. The test result is shown in Table 5. In 
every coin type cell, a result which reflected the unipolar test result of a carbon negative 
electrode very well was brought. That is, in the early charge-and-discharg cycle, it became very 
high charge-and-discharge efficiency, became 5 cycle eye with 100%, and, also after that, changed 
at 100%. Moreover, the service capacity per weight of a carbon material was also high, that of the 
capacity fall accompanying a charge-and-discharge cycle was v ry small, and was the outstanding 
electrode performance. 
[0053] 
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[Table 5] 









i mm 


1 0 0 01 


1 E3S 


5EI 


A 


301 


293 


82 


100 


B 


298 


289 


85 


100 


c 


305 


295 


86 


100 


D 


304 


292 


86 


100 



[0054] The calcining pitch coke lump which calcinated the same raw-coke lump as having used in 
the example of comparison 1 example 2 for 1 hour, and prepared him at 1500 degrees C under the 
reducing atmosphere was ground for 1 minute using the oscillating disc mill. The temperature up of 
the obtained powder (average grain size of 16 micrometers) was carried out at the speed of 10 
degrees C/m, and graphitization processing was performed at 3000 degrees C for 1 hour. Each 
index of the degree of crystallization in the crystal structure of the obtained graphitized-carbon 
powder, an organization, and a surface portion is as in Table 6. Although the crystal structure and 
an organization do not change mostly with examples 1 and 2, the peak intensity ratio of a Raman 
spectrum serves as a quite small value, and is considered to be what has the few disorder of th 
graphite crystal of a material-list side. 
[0055] 
[Table 6] 





d(nm) 


Lc<nm) 


CTE<E-6/C) 


R() 


3000 


0.3369 


35 


3.5 


0.20 



[0056] Thus, the same examination as an example 1 was performed using the prepared 
graphitized-carbon powder. The result is shown in Table 7. In the lithium dope in early stages of 
the end of a carbon powder, since a part for the long potential flat part of 0.6V-0.9V (plateau) was 
observed and side reaction advanced at a remarkable rate, charge-and-discharge efficiency 
became a low numeric value very much. Moreover, this charge-and-discharge reaction reached to 
about 100% at last after 5 cycle eye, and it changed at 100% after that. 
[0057] 
[Table 7] 













i o oma 




5mm 


3000 


295 


210 


61 


99 



[0058] The raw-coke lump containing the volatile matter of each rate shown in example of 
comparison 2 table 8 was ground for 1 minute using the oscillating disc mill. After 300 degrees C 
oxidized for 1 hour under each oxygen tension which showed the obtained powder (average grain 
size of 1 5 micrometers) in Table 8 under the ordinary pressure, the temperature up was carried 
out at the speed of 10 degrees C/m, and graphitization processing was performed at 3000 degrees 
C for 1 hour. Each index of the degree of crystallization in the crystal structure of the obtained 
graphitized-carbon powder, an organization, and a surface portion is as in Table 8. Although the 
crystal structure of each material and an organization do not change mostly with examples 1 and 
2, the peak intensity ratio of a Raman spectrum serves as a quite small value, and is considered to 
be what has th few disorder of the graphite crystal of a material-list side. 
[0059] 
[Table 8] 



http://www4.ipdljpo.gojp/cgi-bin/tran.web_cgi_ejje 



2003/09/01 



11/11 ^— V 



t>7'*N . 






d(nm) 


Lc(nm) 


CTE(E-6nC) 


R(-) 


19 


0.1 


20 


0.3365 


46 


3.3 


0.21 


20 


0.3 


20 


0.3366 


46 


3.4 


0.23 ( 


21 


10 


1 


0.3367 


42 


3.4 


0.20 


22 


10 


3 


0.3367 


41 


3.3 


0.22 



[0060] Thus, the same examination as an example 1 was performed using the prepared 
graphitized-carbon powder. The result is shown in Table 9. In the lithium dope in early stages of 
the end of a carbon powder, since a part for the long potential flat part of 0.6V-0.9V (plateau) was 
observed and side reaction advanced at a remarkable rate, charge-and-discharge efficiency 
became a low numeric value very much. Moreover, this charge-and-discharge reaction reached to 
about 100% at last after 5 cycle eye, and it changed at 100% after that. 
[0061] 



[Table 9] 




ffl«$*(mAh/g) 




i mm 


1 00EI 


1 mm 


5 SI 


19 


308 


263 


63 


99 


20 


304 


280 


67 


100 


21 


302 


279 


61 


99 


22 


303 


277 


65 


100 



[0062] Under an ordinary pressure and in air, 1200 degrees C, when it oxidized for 1 hour, all 
material burned and did not remain the same raw-coke powder as having used in the example of 
comparison 3 example 2 at all. 
[0063] 

[Effect of the Invention] It is the carbon negative-electrode material for lithium secondary 
batteries of this invention so that clearly also from the above explanation. Are the graphitized- 
carbon powder which graphitizes the raw-coke powder containing volatile matter after oxidizing 
under an oxidizing atmosphere, and is prepared, the graphite crystallinity of the whole material is 
high, and it has had the detailed organization of an optical-anisotropy phase. Since it becomes the 
low structure of crystallization in a surface portion in the end of a carbon powder which is not 
obtained in super-elevated-temperature heat treatment of the usual calcined-coke powder, after 
the fall of high service capacity and the service capacity to the repeat of charge and discharge 
holds the few outstanding cycle property The charge-and-discharge efficiency of insertion- 
desorption of a lithium is very high. Therefore, when this material is used as a negative electrode, 
it becomes possible to manufacture the big practical use cell of small, lightweight, and capacity. 
[0064] 



[Translation done.] 
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[0 0 2 1 ] 

[0 0 2 2] ^«W-4BSfO»*i^*d^* 
^ffiLTMft Lfc»Ccj|jMfc«La*-S-a C tic cfc 0 > 
it® Lr " M«SftK*»*(D4>& < £ fcg|ffiSft#;&*SL*i 

[0023] ?t*t>ttmmx. v A-wmmm&t 
mnmmt Lxmmte&M^-zxvwmmtimm 

^31 Ltc'&lC&^UHtk&m*:? £ C t r^JSR-T S CCMo 

iS^5?#^ft*^4^b#ffl«TrK^tr * c t K 
cfc 0 > MI&ft»©^*»*(D4>& < £ «>3iffi88#{ct8B 

[0 02 4] ttib«iffi©agr« % *3-^X§«^ST 
a a (* -/ U >^R§# : 35r#«#5 0«H±SR 

, ^^>( WWx>^*g# : 3?#IR#5 0«g 
fi£T#£) v r ( : 1 



!RfPB¥ 1 0-3 26 6 1 1 

6 

member u^>&mtmcMit2ti, —mm^ 

W^^^Tmfb^^9^r^T€>c £ta«j»i,fc 

[0 0 2 5 ] Hi&«Jtoa3SK^l*©Jg«'C*SMiB^b 

^-^-ilt, ^0. 337 nm > Lc^30 

>0. 3 3 7nm, L c<3 0 nmO«&lca t M|S*f£ 
iiO^StOflJgjWgl i fc«> , U * *> A © K - $ 

[0 0 2 6 ] *¥»a^ttffiO«aK^C*5CHbrB. 
ttK3Effitt (CTE) ^'^-^-ifSciOTJ 
3 D — IttCC. iM^gg^ (CTE) «gSR»^Offl«0 

»*fflft©«a^fi<S!ft'rac£^*D?>4ir(r^. fin 

CC« CTE ^/J^ 3 < , im^affliC ft^Ji'CTE « A 

RMKSHfttt (CTE) ttCTE^3. Oxio^'C" 1 ^ 
mtc? C ± &i&m-C%>2>C± WWW Utc. CTE<3. 

ox i o-*v *<DM£ta*iim(Dm®it&*+ftx&z 

[0 0 2 7 ] K*»*CDSffi»©JSa^bO!iSK:Klor 

3 6 0 cm' , ^> FOl 5 8 0 cm* 1 ^ FJC^fT-S?* 
gtb (R= I 1Ji0 /I aii .) ^A^y-^-it^Ci 

^ci^wi^ e r<o. 3<om^ckt, vm$mw 



ift «: r> t > r (J, «j£cc <fc o r JMSIS AtbWUi L ^ i> 
r>frhuz>k<D^ $>6m*£tcctih (ommmcTkmM 

[0 0 2 9 ] gfc, **WCfflt^*n-^X»5E<OJB 

£ <bHfla«?fitcS*S ti«> 10 0m mfjt£<OJ^ 20 
[0 0 3 0 ] fei±CDJ:^a:4=i-^^o«&»*«£fr3:, ± 

[oo3i] ^^-^xi&^Kft^s-ra^^rab 30 
o -cjy± iooo "cfeiT^jas-cj&a-r s c tarn* l 

l> 0 J:9#*L<fcJ\ 1 0 0t«±7 OCCULT* $6 
K» * L < Gi. 15 0 °C&±5 0 0 9 CVCF-C$>2>« mil 
&*fzm&&5%£V1&i>^T$>Z>WZ 1 0 0 °CJ: 0 
fit » fiBTjffll 1/ fc m&c fct H * n - £ x CDK{ fcJ5lS# 

tsanm< tehfttPryfc. ttc amum* 1 o o o *c 40 

MftHlS J: 0 lit? l> 6£3 - * gftcD^raS^iitf 

J»«fflt©«FHCco^rwi3-^^»*«: so 



«fM¥ 1 0-3266 1 1 
8 

■rStO'Cttttl^ ff£L<«0. o5B#ra«±io 
*m&LT* 3 L<«0. ll»HK±5l^m«T 

^ - ? * m^(o mmim&+Mc sMtsntt^a 
^fcc c n^wm-r & 6 cor at* t t&j^-r m*4<d 

©«*ic*J-j-5*iF-tb^l. 0 lfStt±5 0<SWT. 2 
6*c*f * Kiil. 1 <gfct±3 0fS«TC^^J: ^tc^ 

fb&g^c^Msu*, i. oi(g*i«m stfb 

5 0«^Xb«clWb*!H*bfc*i^K:». 
[0 0 3 2 ] *^^SitsiiS(t»^Sifc 

H«Sf b^StS* CC 4< »; ir F ^ ^ ;V * U x * u 7 9 
flilftTR £ At -f > ^ - {C L r ^ V ^ 3 fc" Jl T ;U 3 - ;U 

ififbs*»*{c ^';x^u>, # 1; ^3 

^•^ h^U^«cj:0fiSffi-r&*««>4Ei«. SfefiC. HIS 

fbjK*i»:fc&c# y 7 ^^fbt^ y ?>^(D7 ymmmmm 

[0 0 3 3 ] *«9a©K«tJ«B. iE«8fSWMi««8 

[0 0 3 4] jE«SW*iO"CB. V*VJ*& 
VmkMiHbWL iM (1> a..M (2) . O, « 
*XW0^X^ l©ttBB©»ffllr*0, ( 1 ) t 



M (2) ttS»£JS4SlxCo. Ni, Mn, Cr, T 
i, V, Fe, Zn, AK In, S n(04>% < <L 

mmfr^KZ) mwth i m (i ) Z . Y m (2) v o 4 

( 1 ) , M (2) wa»^K«rSL/Co, Ni, Mn, 
Cr, Ti, V, Fe, Zn, AL In, SnO^ft 

^t^ABHtlfc (V 2 0 5 , V 6 0 13 , V 2 0 4 t V 3 
O, 4 etc. ) StffOL i ft^f?, -»^M, Mo 
6 S 8 _ v (sWXfctO £X£4, Y»0£Y£1©46H 10 

[0 03 5] W«SJat*«»?HtC*5^SW««^«4 LT 

#*-K yx^-n-h, 1, 2 
-S^h*^x£>, 1, 2 h^?>x£> k 7* ~ 

3 ->>^+ v^>, r— v—Jk ^x*ji>x-f* 
JMt*0 , /-f Jk rF^t Fd^^7x>, 



(6) 0-3266 1 1 
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£ D 

[0 03 6 ]lililt(t fi£*J:0&»<Dfc©*f5| 
Jlfcffi/B-rSCitf-CS, mti, LiClO, . Li 
BF< v LiPF 8 , Li AsFj , L i B (C 
b H s ), L i C U LiBr, Li CF, SO, k L 
iCH 3 S0 3 , Li (CF 3 SO, ) 2 N, Li (C 
F 3 SO, ) 3 C, L i (CF 3 CH 2 O S 0 2 ) 

2 N v Li (CF 3 CF 2 CH 2 OSO z ) 2 N, L i 
(HCF 2 CF 2 CH 2 OS0 2 ) 2 N v Li ( (CF 

3 ) 2 CHOS0 2 ) 2 N v L i B [C 6 H 3 (C 

[0037] 

mm i 

1 3 0 0 0 4 Cr-B$HI 

[0 03 8] 

[an 







d(nm) 


Lc(nm) 


CTE<E-6/TC) 


R(-) 


1 


5 


0.3367 


48 


3.3 


0.32 


2 


7 


0.3366 


46 


3.3 


0.35 


3 


10 


0.3367 


52 


3.4 


0.39 


4- 


12 


0.3367 


53 


33 


0.41 


5 


15 


0.3368 


58 


3.4 


0.45 



[0039] zox^icLxmmvtcjmitmm®* 

3mgKaO*0 (KlW4fCMttl0nig) , « 

[0040] ±fa^Mm@o#sr^m@#tt^i¥ffi-r 

^) CCL i PF 6 * 1 mo 1/1 <Dme?xmMbtci><D 

zm^tc 0 ate, ft&mtmcmi,xtz> naxmo 

T\ ««*CC)e««<0. 5mA/ cm 2 ) rfr 50 



^^rcio n48ittov^6i. ov o;*?a£j«2 

ip) <hL/c 0 *0St«ft©ISS**2^T, 
[0 04 1] 
[312] 









1 @S 


1 0 OiSS 


i e@ 




1 


310 


295 


BS 


100 


2 


312 


294 


87 


100 


3 


307 


290 


90 


100 


4 


308 


290 


89 


100 


5 


315 


299 


91 


100 



[0042] mmtt^otnwicD vrv&v- r/cefct,* 



(7) 



11 



[0 04 3] mmm2 

«043-^^»* 8 /urn) ^rtET, * 10 



«fPB¥ 10-32661 1 
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* -coiig-c^s 3000 w—mmmaimmzffi 

i 3 v&mtxxnmfte: ozgMtc-mitmm 
&*2%^Ltci><D*> -y-yy'jii 5-1 skfcKBSR 

[0 044] 
[S3] 





BMk*'*aj£(%) 








Lc(nm) 


CTE(E-6/T) 


R<-) 


6 


5 


250 


2 


0.3365 


45 


3.4 


0.34 


7 


5 


300 


2 


0-3364 


42 


3.4 


0.38 


8 


10 


250 


2 


0.3365 


44 


3.3 


0.37 


9 


10 


300 


2 


0.3365 


46 


3.3 


0.38 


10 


15 


250 


2 


0.3364 


44 


3.4 


0.36 


11 


15 


300 


2 


0.3365 


46 


3.3 


0.38 


12 


20 


300 


2 


0.3365 


44 


3.3 


0.39 


13 


20 


300 


2 


0.3367 


35 


3.4 


0.46 


14 


20 


300 


2 


0.3365 


42 


3.4 


0.41 


15 


100 


300 


0.5 


0.3367 


38 


3.4 


0.49 


16 


100 


300 


1 


0,3368 


32 


3.3 


0.51 


17 


100 


300 


1 


0.3368 


33 


4.5 


0.52 


18 


100 


300 


1 


0.3370 


30 


5.2 


0.50 



[0045] coijz^fcLxwtmutct:?*^-?*® 

a»«*flsS5Lfc B 30 
[0 046] ±SS^SSffiO#ffir<D«ffi!HFtt<Z)ffF ffi^T 

*- tourism mmttvi im^) fcLicio 

[0047] 
[*4] 









1 m§ 


1 0 ooa 


1 ES 


3 BIS 


6 


311 


288 


85 


100 


7 


310 


290 


86 


100 


8 


308 


286 


66 


100 


9 


307 


289 


88 


100 


10 


304 


290 


86 


100 


11 


309 


293 


90 


100 


12 


312 


299 


69 


100 


13 


310 


294 


89 


100 


14 


309 


290 


68 


100 


15 


307 


269 


87 


100 


16 


310 


290 


90 


1Q0 


17 


305 


290 


91 


100 


16 


303 


291 


92 


100 



[0048] m.mt^o>vm<D >jwa K-^tcfcu 
. 3 y-j 9&miwax* 1 o o %v&micm 



13 

[0049] mmi3 

mmmi(DV>y')ii . 3. mmmzw^y^i 2, 

B, C N Dif^» 0 ) Zft&L (IftOf 4X\ 9Y&2 
Omm^ m$2. 3 ram) , ^©Hvlfe^tt^P^c, 

[ooso]ft», &!%m®mc^jy#-± LXtf 

[0 0 5 1] — 2n iEffitt, RB'Jf^Aijaia^ 
bfrbmMLtcL i CoO, C £)*&3frC # y 7 

[0052] i^±<DjEmmm. nMmm*mi<\ mmwi 
m^mm omit 1 : 1 «c l i b f 4 * 1 m o 1 

ffi£4. 2V£l/ctfiII©T, SSSfi(0. 5mA 

/cm 2 ) 3aw»»ttfa-3fe. «co»iusm^5 



(8) «fSB¥ 1 0-3 2 6 6 1 1 
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&<K 5U^£;l/B«:W:l 0 0%4&D^<Dt££> 1 0 0 

[0 0 5 3 ] 
[R5] 





ft«§S(mAh/g)& 




1 (Oli 


1 0 0@§ 


1 0§ 


5EI 


A 


301 


293 


82 


100 


B 


298 


289 


85 


100 


C 


305 


295 


36 


100 


D 


304 


292 


86 


100 



[0 0 54] JtlHW l 

/c 0 (¥^&J^1 6/im) 0°CCO 

iiKTSSLr 3 0 0 0 'Cr-^mgft^^^o 

mm. i«(^iWL 2 4 ^> 

^MOMiS^O£Ln^^l^6D4Mt>n^ 0 
[0 0 5 5 ] 
[^6] 





d(nm) 


Lc<nm) 


CTE<E-6/t) 


R{) 


3000 


0.3369 


35 


3.5 


0.20 



[0056] c<D£5icoxmmotcm&{tmm®3iz 

r, 0. 6V-0. 9 V<Dm>m{ii¥>iBfflft b 

- ) *nsag 5 n , iijsfs^ a>& 0 ©w^r ittf -r & c 4 

^(Omt 1 0 0%XM&Ltc o 

[0 0 5 7 ] 
[317] 





fifrffi§*<mAh/g) 




1 Eg 


1 0 OlslS 


1 1b3S 




3OQ0 


295 


210 


61 


99 



[0058] mm 2 
* $fr*m^x-&rmwutc a m^ntcm^ 

1 5 Mm) Z-frKTF, ms tcmbtc&m&ft 

HLTX3 oou 1 mmmitLtcmc. m& 1 0 v<dm 
&xwulx3 0 0 o-cx-BzmmmitmmzMLtc. 
40 m^titcm^t^mm^m^m^ mm. mmm&v 

*7>x--<^ h;i/<Dt-^^^ac0/h3ftffl[4& 

[0 05 9] 
[*8] 



(9) 



15 
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t>7**NO- 






d(nm) 


Lc(nnn) 


CTE(E-6/lC) 


R(-) 


19 


0.1 


20 


0.3365 


48 


3.3 


0.21 


20 


0.3 


20 


0.3366 


46 


3.4 


0.23 


21 


10 


1 


0.3367 


42 


3.4 


0.20 


22 


10 


3 


0.3367 


41 


3.3 


0.22 



0. 6V-0. 9 V©*l>*ffijptt»^ h 

[0 0 6 1 ] 
[«9] 





3TO$5(mAh/g) 






1 EE 


1 0001 


1 0§ 




19 


308 


283 


63 


99 


20 


304 


280 


67 


100 


21 


302 


279 


61 


99 


22 


303 


277 


65 


100 ~ 



10 



20 



[0 0 6 2 ] JteW3 



[0063] 
[0 064] 



